Onion (Allium cepa) and leek (Allium ampeloprasum var. porrum) are common herbs and vegetables found in our daily life. It belongs to the genus Allium, which is usually known for their high antioxidant and anticancer properties. Medical researchers highly recommend the exploitation of herbs and plants as alternative ways in the treatment of cancer. This research was designed to study the anticancer effects of onion and leek extracts on MCF-7 human breast cancer cell. Crude extracts of ethanol, methanol, and water of onion and leek were obtained by maceration. MCF-7 cells were cultured in complete media at 37°C and subjected to different treatments that involved varying concentrations (10, 50, and 100 μg/mL) of onion and leek extracts for 24, 48, and 72 h of incubation. The percentage of cell viability and the concentration of extracts on MCF-7 cells were determined using MTT assay. The water leek extract proved to be the most effective extract at 50 μg/mL, whereby it showed a significant inhibition ability due to the presence of entadamide A-β-D-glucopyranoside as identified by ultra-performance liquid chromatographyquadrupole/time-of-flight mass spectrometry (UPLC-QTOF/MS). Further studies about the mechanism of both extracts in causing cell death and the determination of the presence of other bioactive compounds in the extracts are needed.
Introduction
Chemoprevention is a cancer preventive strategy to inhibit, delay, or reverse carcinogenesis. Altering dietary habits by reducing consumption of processed foods while increasing the intake of vegetables may decrease cancer risks. There is an increasing public health demand to identify those dietary patterns, bioactive foods, and components that may decrease cancer risks. Approximately 30-40% of cancers are preventable by appropriate food and nutrition intake, physical activity, and maintenance of healthy body weight [1] . One particular group of foods that has raised considerable interest in their putative cancer-preventive properties is the genus Allium.
Allium is a large genus of onion or garlic-scented bulbous herbs of the Amaryllidaceae family. Allium vegetables, such as garlic (Allium sativum), onion (Allium cepa), and leek (Allium ampeloprasum var. porrum) are widely consumed for their characteristic flavours (as spices) and their healthpromoting effects [2] . Garlic is one of the most extensively studied functional species among Alliums, and it has been considered a medicinal food for centuries, being used as a traditional remedy for common disorders. Garlic consumption is associated with decreased risk of some types of cancer, cardiovascular diseases, and neurodegenerative disease [3] . Besides, various other biological activities have been reported for garlic, including antimicrobial, antioxidant, and antiinflammatory properties [4] . Onion has also been utilised as a medicinal agent according to sources dating from ancient times. This broad spectrum of health-benefits is mainly attributed to the presence of organosulphur compounds, a distinct characteristic of garlic and other Allium species. It must be noted that different Allium species contain a different profile of organosulphur compounds.
Since ancient times, many studies have indicated some protective associations of garlic and onion against cancers, particularly cancers of the gastrointestinal tract. To the best of our knowledge, there is a limited number of reports available on the comparison studies of organosulphur compounds in onion and leek. To date, most of the data published reported the presence of organosulphur compounds in garlic. Therefore, the present paper reports the comparative study of organosulphur compounds identified in different polarities of Allium extracts and the evaluation of anticancer effects in MCF-7 cells.
Materials and Methods

Preparation of Extracts
Onion (A. cepa) and leek (A. ampeloprasum var. porrum) were purchased at the local supermarket (LYC, Kuantan, Malaysia). The extract was prepared using three solvents, methanol, ethanol, and water. The dried powdered onion and leek extracts (16 g of each sample) were added to 160 mL of each solvent in 500 mL conical flasks in a 1:10 ratio separately. The mixture of the plant and solvent was left overnight. The ethanol and methanol extracts were subjected to rotary evaporation, while the water extract was freeze-dried.
UPLC-QTOF/MS Analysis
The bioactive compounds profiling of the extracts was performed on a Waters ACQUITY UPLC I-Class/Xevo system in line with a Waters Xevo G2 Q-TOF mass spectrometer (Milford, MA, USA) (see Supplementary Material).
Cell Viability
The determination of cell viability following treatment with the plant extracts was conducted via the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay kit (Solarbio, China). MTT assay is a colourimetric assay that utilises the reduction of a yellow tetrazolium salt MTT to measure cellular metabolic activity (see Supplementary Material).
Morphological Assessment
In this study, MCF-7 cells were used to study their response to the effects of onion and leek extracts as an anticancer agent. For morphological assessment, the cells were cultured in a 12well plate at the concentration of 5 × 10 4 cells/mL per well and incubated in a CO 2 incubator. Culture media was replaced by 1 mL of extracts for each best concentration of different solvent system only. Negative control and positive control for this assessment were DMEM with 1% FBS and 1% pen-strep and 100 μg/mL of Tamoxifen, respectively. Observations of the cells in each well were made for 0, 24, 48, and 72 h. The cell morphology was observed under the inverted microscope.
Statistical Analysis
For the MTT assay, the triplicate of each assay will be expressed as mean ± standard deviation with different concentrations of extracts. The value of p < 0.05 will be considered as statistically significant. The growth curve of breast cancer cells exposed to the onion extract and cell inhibition percentage against concentrations of onion and leek extracts was generated and interpretation of the graph was discussed.
Results and Discussion
UPLC-QTOF/MS Analysis
Ultra-performance liquid chromatography-quadrupole/timeof-flight mass spectrometry (UPLC-QTOF/MS) is a powerful tool for qualitative characterisation of chemical components in herbs by providing high chromatographic and mass resolution, accurate mass measurement as well as abundant fragment ions information. In contrast to the recent study, previous researchers dealt with volatile compounds using GC-MS. Analysis of volatile compounds yields qualitative and quantitative data of the aroma and flavour of onion and leek. In this study, the UPLC-QTOF/MS technique was chosen for profiling of non-volatile organosulphur compounds in different extracts of onion and leek. Positive mode (+) ESI-MS was run to detect and identify the compounds present [5] .
The organosulphur compounds were screened with a strategy of two targets consisting of compounds which were previously reported in Alliums and untargeted screening based on traditional Chinese medicine (TCM) library search for organic sulphur groups. The presence of compounds was determined based on matched fragmentation pattern and mass error by data processing in UNIFI software. Compounds with ±5 mDa error are classified as a good match, while a poor match is comprised of ±10 mDa error. In order to verify if a match is reasonable, we focused on adduct ions as well as fragmentation ions [6] . Then, by reviewing the MS/MS fragmentation ions and relevant reference literature, their chemical structures were further verified. Detailed information about identified compounds is presented in Table 1 . According to identified compounds, a higher response of organosulphur ions in the range of 2500-19,000 were found in the water extract of onion. This is due to the polarity of the solvent used. Water is the most polar solvent, followed by methanol and ethanol. With the key principle of solubility, phytoconstituents of different polarity will vary depending on the extracting solvent. Interestingly, most of the chemical compounds reported to be present in garlic were found in the onion water extract such as allicin, E-ajoene, S-allylmercaptocysteine (SAMC), and Sallylcysteine (SAC) [7] . S-allylmercaptocysteine (SAMC) and S-allylcysteine (SAC) were detected with high response ions by UPLC-QTOF/MS with 16,435 and 5263 responses, respectively. These data were in agreement with the findings reported by Lanzotti et al. [8] , which showed that among the sulphur compounds, SAC and SACM are the primary constituents present because they are stable sulphur compounds. Compounds identified in the methanol onion extract were entadamide A-β-D-glucopyranoside, glucoerucin, xanthiside, entanamide A, and 2-hydroxyxanthiside, while in the ethanol onion extract, only 4′-desulphate-atractyloside was identified.
Leek (A. ampeloprasum var. porrum) is consumed as a vegetable throughout the world. However, little is known about the organosulphur compounds of leek with potentially important beneficial properties for human health. In this report, organosulphur compounds detected by UPLC-QTOF/ MS in leek extracts were provided. Methanol leek extract showed the same trends of compounds identified in the methanol onion extract with the absence of glucoerucin. Although all compounds identified were similar, the ion response was higher in the methanol onion extract compared to the methanol leek extract. Different ion response intensity might contribute to a different biological effect of the extracts. Water extract of leek contains entadamide A-β-D-glucopyranoside, E-ajoene, and xanthiazone. Meanwhile, only 4′-desulphateatractyloside was identified in the ethanol leek extract.
Entadamide A-β-D-glucopyranoside was identified in both methanol and water extracts of onion and leek, while entanamide A was found in the methanol extract only. The presence of glucopyranoside in the entanamide A ring caused the polarity change. The presence of hydroxyl group in the glucopyranoside moiety enables the compound to dissolve better in methanol and water [9] . The bioaccumulation of organosulphur compounds in onions and leeks depends on different factors such as sulphur-based fertilisation, environment, and genotype of the cultivars. Also, other compounds such as organic acids and sugars can contribute to the different chemical profile [10] .
Cell Viability
Anti-proliferative effect of onion and leek extracts at various concentrations was expressed as a percentage of cell viability. The extract concentration used was 10 μg/mL, 50 μg/mL, and 100 μg/mL. The percentage of MCF-7 cells viability relative to the negative control was observed over 1, 2, and 3 days for all concentrations. Tamoxifen was shown to cause the lowest viability percentage among all the results. Table 2 exhibits the percentage of cell viability of MCF-7 cells that were significantly affected by dose and time-manner when treated with the plant extracts.
The percentage of cell viability for 10 μg/mL and 100 μg/ mL of onion and leek extracts are higher than 100% for the first and second day, but both decreased below 100% after 
three days of incubation. The higher cell viability on Day 1 and Day 2 may be due to less toxicity effect of the extracts to inhibit cell growth of MCF-7. The positive control shows a slight decrease in the percentage of cell viability for the first concentration at 83.81 ± 9.81%, while the third concentration shows the lowest cell viability among others, which is 32.83 ± 3.12% for Day 1. The methanol onion extract with the concentration of 50 μg/mL shows the lowest percentage of cell viability on Day 3. The percentage of cell viability methanolic onion extract is lower than the water onion extract with 58.46 ± 10.73% compared to 73.93 ± 9.0%. Although water-soluble organosulphur compounds, S-allylmercaptocysteine (SAMC) and S-allylcysteine (SAC) were identified to be the most abundant in onion water extract, the cell viability percentage was lower than the methanol onion extract. This result was supported by a few available studies indicating that organosulphur compounds are more potent for antiviral activity [11] . Organosulphur compounds were reported to reduced cell viability of cancer cells in a dose-and timedependent manner [12] . The results were also supported by the findings of Lanzotti et al. [8] who indicated that allylcysteine, S-ethyl-cysteine, or S-propyl-cysteine (watersoluble organosulphur compounds) did not significantly alter the growth of CMT-13 cells when added at 1.0 mM or less. According to Hamid et al. [13] , methanol is the best solvent for antioxidant compounds extraction compared to ethanol and water. It has been proven that many antioxidant substances have anticancer or anticarcinogenic properties [14, 15] . Methanol proves to be a better solvent for the compounds due to the interactions of polar sites of the molecules with the solvent itself. In this case, ethanol was less efficient in providing solvation due to the presence of longer ethyl radical.
The percentage of cell viability for leek extracts increases slightly on Day 3 compared to Day 1 and Day 2, which is 100%. The methanol leek extract shows fluctuating cell viability percentage of Day 3 for all tested concentrations. Although the methanol leek extract possessed similar identified compounds to the methanol onion extract, the activity is not as significant as the latter. This is due to the lower concentration of the active compounds that contribute to the anticancer activity. Water leek extract with the concentration of 50 μg/mL shows the lowest percentage of cell viability on Day 3 with the cell viability percentage of 47.16 ± 14.71%. The significant activity might contribute by the presence of entadamide A-β-D-glucopyranoside, E-ajoene and xanthiazone. All detected compounds were organosulphur compounds. Organosulphur compounds have been shown to modulate the activity of glutathione S-transferases (GST), a family of enzymes important in the detoxification of carcinogens and cytochrome P450 (CYP) [11] .
The most common reported data showed that the highest concentration of extracts would have the lowest cell viability percentage. Nevertheless, in this research, the idea or concept was not applied. Based on the results, the 50 μg/mL concentration of all solvent-extracted leek extracts presented the lowest percentage among all the concentrations. Hence, we deduced that 50 μg/mL of all solvent extracted leek extracts were the most suitable and the best concentration to suppress the growth of MCF-7 cells, but not necessarily be the highest concentration. On Day 3, the percentage of MCF-7 cells had decreased to more than 50% in cells treated with 50 μg/mL of water leek extract with a percentage of 47.16 ± 14.71%. The methanol onion extract at the concentration of 50 μg/mL achieved almost 50% or lower percentage of cell viability after incubation for three days. The findings from this study suggest that the anticancer activities of different Allium species extracts are primarily influenced by the types of compounds extracted by different solvents. The presence of bioactive compounds differs with the use of ethanol, methanol and water as the extraction solvent [9] . The anticancer activity of the compounds is [12] . Due to the immense amounts of bioactive compounds present in Allium extracts, the synergistic effect could have taken place leading to the cytotoxic activity; therefore, reducing the cell viability of MCF-7. Another mechanism that may be responsible for the anticancer effect could be related to the balance between its lipophilicity and hydrophilicity solubility [13] . Several studies on different potential antitumor agents have shown that a maximum cytotoxic activity is often achieved for intermediate lipophilicity and water solubility values [14] . The synergistic effect of both Allium extracts can be correlated to the presence of entadamide A-β-Dglucopyranoside identified in methanol and water of onion and leek extracts. Based on the results, the most significant anticancer data was the water leek extract because water has been known as a suitable solvent for the extraction of traditional herbs and is safe for human consumption.
Morphological Changes
From the morphological assessment, the positive control shows the most effective concentration of inhibiting cancer cell proliferation. Viable cells could be distinguished as cells in contact with each other and distributed unevenly on the surface of the culture flask. Meanwhile, cell death can be categorised into two different forms, which are necrosis and apoptosis. Cell death due to necrosis is characterised by cell rupture and the release of cellular content to the surroundings. In contrary, apoptosis causes cell shrinkage followed by plasma membrane blebbing [15] . This was observed in the Day 3 methanol onion extract and water leek extract whereby the cell shrinkage and roundup of the cells were comparatively more apparent compared to the negative control. The light browncoloured parts in Fig. 1 show the dead cells, while the viable cells are seen attached in an epithelial-like manner. From the morphological assessment, the results further proved that the most active extract among the three solvent systems is the methanolic onion extracts at 50 μg/mL and the leek water extract at 50 μg/mL, which possess the highest inhibition percentage and the highest cell death percentage for the three days incubation.
Conclusion
In conclusion, under the present experimental conditions, the most significant anticancer effect was the water leek extract at the concentration of 50 μg/mL, with a viability percentage of 47.16 ± 14.71% after three days incubation. The water leek extracts caused significant inhibition of MCF-7 cells due to the presence of entadamide A-β-D-glucopyranoside. These results draw particular attention to the potential of the leek as a daily dietary source that can improve chemotherapeutic effectiveness. According to the obtained results, further studies on the process of cell death by a pure compound are recommended to understand the characteristic of cell changes. Further study is needed to identify the individual anticancer compounds in both extracts because, in a cancer drug discovery program, a paradigm based on ethnobotanical and ethnopharmacological data would be more economical and beneficial for identifying potential anticancer molecules than a mass screening of the crude extracts.
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Leek Water Extract 24 Hours 48 Hours 72 Hours Fig. 1 The morphology changes of MCF-7 cells treated with samples observed over three days of incubation
